A monocentric, continuous extra-long-term evaluation 10 years FU, at least 1 year of Engel Class I 4 Group 5 = no seizure freedom for 10 years = Engel Class II-IV.
Introduction
For patients with pharmacoresistant temporal lobe epilepsy (TLE), resective surgery has become a widely accepted, evidence-based, and advised [9] procedure to obtain seizure freedom. Cure, i.e., seizure freedom without medication, is a major motivation for patients to undergo presurgical evaluation [3, 37] . For a putative beneficial, yet irreversible, surgical procedure, prognostic factors based on long follow-up periods enhance the quality of patient counseling substantially.
The only randomized controlled study by Wiebe [42] has a follow-up period of 1 year. More than a decade later the Early Randomized Surgical Epilepsy Trial [8] added 2-year follow-up data, which supported the beneficial role of resective surgery compared with medical treatment. Yet, the study was prematurely finalized because of its slow recruitment rate. Studies using meta-analyses of several cohort studies [33, 38, 39] , retrospective data acquisition in larger cohorts over a long time period [1, 20, 23, 27, 40] , or statistical modeling methods [4] circumvented this recruitment matter.
In single-center studies, seizure freedom rates for anterior lobe resection vary between 58% after 1 year in 80 patients [42] , to 59% after 2 years in 70 patients [1] and 55% after 5 years in 407 patients [40] . The last study is important because of the large patient number and the long follow-up period of 5 years. Interestingly, similar results were reported for lesionectomies in this cohort (56%; [40] ) and slightly lower rates for stereotactic laser thermoablation, a method increasingly used in North America [5, 19] because of its limited invasiveness in TLE (1-year follow-up, including repeat surgery, 53% [16] and 58% [44] ).
Summarizing cohort studies (monoand multicentric, retrospective and prospective data acquisition) in TLE: 1. In shorter follow-up periods, seizure outcome seems to be less dependent on the surgical method (2-5 years). These findings have been replicated for TLE for longer follow-up periods (e.g., [17] ), even though there is a tendency for larger removal to be beneficial [21] . 2. There is a constancy in the decrease in the rate of seizure-free patients with the time of follow-up, which progresses slower over the years.
Tellez-Zenteno et al. summarized the results of 40 studies with a mean/median follow-up period of at least 5 years: In almost 3900 TLE patients, the seizure-free rate of the last follow-up was 66% (independent of the surgical method; [39] ). This number evidently summarizes the postsurgical seizure outcome of TLE patients with very variable follow-up periods and is, therefore, difficult to use for patient counseling. It is, however, important for comparison with other epilepsy syndromes. So far, the majority of observational seizure outcome studies do not focus on extended follow-up periods [28, 39] , i.e., at least 5 years or even longer periods. It seems inevitable, therefore, that these studies report heterogeneous results [28, 33, 39] concerning the factors predicting seizure freedom. Interestingly, a cohort study by Janszky et al. [20] showed that prognostic factors may vary in the time course of the follow-up period [7] .
The cohort of the present extra-longterm follow-up study has particular robust features such as a limited recruitment period of 5 years and successive, annual data acquisition for 10 years. The aim of this study was to determine prognostic factors for continuous seizure freedom over this period, with a particular focus on the time course of seizure freedom.
Methods

Subjects
The study group comprised 60 patients who underwent consecutively resective surgery for TLE over a period of 60 months beginning 1 March 1993 to 28 if they were not pharmacoresistant to at least one antiepileptic drug (AED) for a period more than 1 year. Patients with brain lesions requiring instant surgery, active severe psychiatric comorbidity, or a full-scale IQ lower than 70 were excluded. All patients underwent a standardized presurgical workup including inpatient surface electroencephalographic (EEG) monitoring (10-20 system up to 32 electrodes, usually for 7 days), standardized epilepsyspecific magnetic resonance imaging (MRI; 1.5T), neuropsychological testing, psychiatric and social assessment. All findings were discussed in a multidisciplinary case conference, after which conclusions about the eligibility for resective surgery or further diagnostic steps were drawn. If considered necessary, additional diagnostic investigations were added (interictal positron emission tomography [PET], single-photon emission computed tomography [SPECT], Wada test, dichotic hearing test, or EEG monitoring with foramen ovale/pegor subdural grid-electrodes). Surgery was performed by two board-certified neurosurgeons (JNL or WRL). Surgical pathology was analyzed routinely. A neurological examination and a cranial computer tomogram scan were performed 1 day after surgery.
Study design
Complete medical history and current seizure frequency, seizure type, AEDs, potential adverse effects (AE), and nonadherence (NA) were assessed before the surgical intervention. During out-patient visits 6 months, 12 months, and annually after surgery, these parameters and the seizure outcome, defined by Engel's classification of postsurgical outcome [10] , were followed up prospectively. The classification of the International League Against Epilepsy (ILAE; [43] ) by Wieser et al. was not available at the beginning of this study. Seizure types were classified according to the ILAE classification that was current at the time of data acquisition [47] . Seizures occurring less than 4 weeks after surgery were classified as perioperative as opposed to recurrence of seizures after this time period. Presurgical AEDs were continued after surgery for at least 2 years. Only in the case of AE or unprovoked recurrence of seizures was the dosage adjusted or an additional AED prescribed. Patients documented seizure-like events in seizure diaries and detailed oral descriptions were obtained from patients and, if possible, from witnesses during the yearly follow-up visits. If previous and current EEGs were not suggestive of an active epileptogenic focus, tapering of one AED for one third of the daily dosage was allowed. To minimize an observational bias error, all patients were seen by at least four of the following five certified epileptologists: CD, HJM (author), MM, FCS (author) and HBS. If a pre-scheduled follow-up (FU) visit failed, a semi-structured telephone interview was conducted and a new visit was scheduled.
Primary outcome was seizure freedom over a period of 10 years. The authors defined a "successful" surgery if the patient's condition was continuously classified as Engel Class I for this observation period. This approach was chosen because even rare seizure recurrence can be considered a failure in view of the high psychosocial impact of the seizures themselves.
Secondary outcome was the perpetuation of the individual patient's seizure class. To analyze the course of seizure freedom, patients were subdivided into five groups: 4 Group 1 = "successful" surgery = retention of Engel Class I for the 10 years 4 Group 2 = "running down" = continuous enhancement of seizure outcome with subsequent achievement of Engel Class I 4 Group 3 = "running up" = initially Engel Class I, with successive worsening 4 Group 4 = "mixed" = within the for 10 years in a single center (Epilepsy Center Berlin Brandenburg). Factors for remaining seizure free for 10 years were determined by univariate analysis. Results. The class I outcome changed each year by 74-78%. Of the patients, 63% remained continuously in Engel class I (48% Engel Class IA for 10 years) for 10 years. Six patients were never seizure free (12.5%). After 10 years, 35% of the patients were cured (i.e., seizure-free without medication). A higher number of antiepileptic drugs and seizures before surgery as well as the indication for invasive presurgical monitoring were associated with "unsuccessful surgery. "
Conclusion.
With almost half of the patients completely seizure free and more than a third "cured, " epilepsy surgery remains the mainstay of therapy for TLE patients. Analysis in larger cohorts with extra-long-term follow-up is needed to assess good prognostic factors and other postsurgical outcome issues such as neuropsychological, psychiatric, and psychosocial outcomes.
Keywords
Epilepsy · Long-term follow-up · Seizure outcome · Resective · Cure Prognosefaktoren einer 10-Jahres-Anfallsfreiheit nach Temporallappenresektion. Patient selection is delineated in . Fig. 1 and detailed data, before presurgical evaluation (e.g., clinical details and etiology according to MRI), the mode of presurgical and surgical procedures (e.g., surface vs. invasive monitoring; resection methods) of the patient cohorts are summarized in . Table 1 .
The analyzed variables obtainable before and after the presurgical evaluation and after surgery are summarized in . Table 2 . They were chosen according to the generally accepted decision process for resective surgery. Presurgical occurrence of auras and focal to bilateral tonic-clonic seizures were regarded as a separate variable. For baseline seizure frequency, focal impaired awareness seizures (according to ILAE classification from 1981: complex partial seizures) and focal to bilateral tonic-clonic seizures (according to ILAE classification from 1981: secondarily generalized seizures) from the last 3 months prior to surgery were averaged. The authors consider the term "aura" as important in the context of epilepsy surgery, therefore they will use "aura" in this manuscript, even though the current classification [12] [13] [14] [15] would classify this seizure-type as "focal aware seizure. " Electroclinical, neuropsychological, psychiatric, and social outcome parameters are not addressed in this study. 
Patients lost to continuous followup
One patient (1.7% of 60 TLE patients) died after the sixth follow-up visit. Death was unexpected and unexplained and therefore "sudden unexpected death in epilepsy" (SUDEP) was suspected. Postsurgical outcome had steadily been classified as Engel Class II before. One patient did not attend follow-up visits, since the first visit 6 months after surgery.
Continuous study participation failed in ten patients (16.7% of 60 TLE patients; . Fig. 1 ). Seven (11.7% of 60 patients) of these patients attended follow-up visits for 2 years (details . Fig. 2 ), so that a fairly robust approximation of seizure outcome was not available for the remaining three patients (5.0% of 60 TLE patients). The median continuous follow-up of the then patients lost to follow-up was 3.16 years (SD = 2.7), and five out of nine (55.6%) patients achieved Engel Class I at the last outcome visit (. Fig. 2) .
From the remaining 50 patients, a complete postsurgical follow-up could be obtained. If presurgical re-assessment was suggestive of possible improvement of seizure control by re-resection, patients were offered another resection. Therefore, four patients had to be excluded, because re-resection was per- Table 1 .
The distribution of the Engel classification in each consecutive year is shown in . Fig. 3 . The proportion of patients classified as Engel Class I ranged from 70.0 to 72.0% (median: 70%, SD = 0.97), Engel Class II from 6.0 to 10.0 (median 8.0%, SD = 1.75), Engel Class III from 6.0 to 14.0% (median 8.0%, SD = 2.07), and Engel Class IV from 0 to 4.35% (median 0.87%, SD = 0.82).
Seizure freedom over 10 years
Kaplan-Meyer survival rate
Out of 46 patients, 29 (63.1%) remained continuously in Engel class I (group 1) (. Fig. 4a) . The survival rate for seizure freedom of all 60 patients with TLE (i.e., including the patients lost to continuous follow-up) is shown in . Fig. 4b . For the latter analysis, patients who were lost to continuous follow-up were censored after their last follow-up visit and patients who had had a re-operation were censored before this intervention. Another three patients achieved continuous seizure freedom after 1-5 years (mean: 3 years; group 2).
Successful vs. unsuccessful surgery
As outlined in the Method section, the cohort was divided into two groups: the "successful" surgery (i.e., group 1) sustaining Engel Class I classification for 10 years and the "unsuccessful" surgery group (i.e., groups 2-5). The following preoperative factors predicted seizure freedom over 10 years: the number of AEDs that had been taken by the patients prior to surgery (mean 3.2 ± 1.3 in the successful group vs. 4.7 ± 1.3 in the unsuccessful group, p < 0.05) was significantly lower, the number of seizures prior to surgery (median 5.3 ± 2.3 in the successful surgery group vs. 11.9 ± 3.5 in the unsuccessful surgery group, p < 0.01) was significantly lower, and patients who needed invasive recordings had a significantly lower chance of obtaining complete seizure freedom (41% in patients with invasive recordings vs. 76% in patients without invasive recordings; see . Fig. 5 ). The latter results were supported by a significant difference in the survival rate toward seizure freedom during the 10-year follow-up period in patients who had to have invasive recordings (see . Fig. 6 ).
The p values for all analyzed variables comparing the "successful" surgery group and the "unsuccessful" surgery groups are summarized in . Table 2 .
Perpetuation of postoperative seizure class
From the 29 patients classified as having successful surgery (i.e., retention of Engel Class I), 22 patients (47.8% from 46 patients) had no seizure including auras (Engel Class IA). Three patients ("running down" = group 2) showed a continuous improvement reaching Engel Class I (mean 6.3 ± 2.5 years of Engel Class I, from 4 to 9 years) In three patients there was an opposite phenomenon: They were initially classified Engel Class I ( 
Successful surgery in relation to AED medication
Out of the 29 patients with successful surgery (i.e., 10 years of Engel Class I), 16 (34.8% of all 46 study patients) experienced not only full remission but at least a "resolution" or likely a "cure" [11] : They did not take any AED during the last 3-10 years of continuous follow-up (mean 6.6 ± 2.4 years). Four of these pa-tients (25.0% of 16 cured patients) did not adhere to the treatment plan and discontinued AED medication abruptly. They were seizure free and AED free for 8-10 years (mean 9.3 ± 0.7 years). Nonadherence was prevalent in the successful surgery group at a rate of 24.1% (seven patients) and at a rate of 35.3% (six patients) in the unsuccessful surgery. Univariate analysis for patients with successful surgeryonAEDand cured patients did 
Discussion
The presented cohort of TLE patients who received resective surgery was followed up clinically on an annual basis. The primary outcome of seizure freedom over a period of 10 years was deliberately chosen because even rare seizure recurrence is a failure in view of the potential negative psychosocial impact. Most importantly, factors predicting a successful surgery on a long-term basis are important for patient counseling.
This monocentric extra-long-term follow-up study observed a homogeneous patient group with robust features, because: 1. Of the rather short recruitment period of 5 years, the same diagnostic and surgical techniques were used.
The recruitment period ended in
February 1998, so that all patients had a comparable history of previously available AEDs excluding the so-called new second-and thirdgeneration medications [25] . 3. The 60 TLE patients were prospectively invited to an outpatient followup visit annually, a management procedure that has had the advantage of obtaining regular data and probably added to this robust data set.
The main five findings were: A. The change of seizure freedom for TLE patients after resective surgery is 63% (49% strictly including all patients for follow-up). B. The chance to become seizure free for 1 year (annual follow-up) ranged solidly between 76 and 80%. C. In a univariant analysis the number of seizures and the number of AEDs prior to surgery were a negative predictive factor for achieving 10 years of seizure freedom. D. In this particular cohort the decision in the multidisciplinary case conference to advise for invasive monitoring (peg or foramen ovale electrodes or grids) because of a more complex network disturbance was associated with a noticeable drop in the seizure rate from 76 to 41%. E. More than one third of patients were cured in the sense of obtaining seizure freedom without AED medication.
Patients lost to follow-up and postoperative long-term seizure outcome
Most of the findings are in line with previous publications on resective surgery. Concerning the rate of patients lost to follow-up, both de Tisi et al. [40] with more than 500 TLE patients and Aszetly et al. [1] with their predominantly extra-long-term study (mean follow-up of 12.4 years) had a similar rate of 5% of pa-tients, where no data at all were available. Both study groups obtained their data from a prospectively maintained central database, suggesting that a monocentric prospective data collection-similar to our cohort-supports extra-long-term data acquisition. Aszetly et al. presented data with extra-long-term follow-up of at least 8.6 years from 65 patients after resective surgery (both temporal and extratemporal epilepsies). The rate of patients lost to follow-up who did not reach the 10-year margin was slightly higher at 18%, compared with our rate of 12%. In their cohort the last follow-up had a seizure-free rate in patients with temporal lobe resection of 65%, comparable to the 63% in our study. The de Tisi cohort of 537 TLE patients achieved Engel Class I outcome either by temporal lobe resection (55%) or lesionectomies (56%) after 5 years [40] . In view of the expected decrease within the following 5 years, this seizure rate estimate seems rather conservative. However, apparently most of their TLE patients were lost to followup in the first year after surgery, so that a recruitment deficit might explain the lower number. Interestingly, they also found a high rate of 82% of patients who achieved Engel Class I for at least 1 year at some stage of their extended long-term follow-up period.
Prognostic factors for successful surgery assessed before presurgical work-up
Téllez-Zenteno et al. [39] in their metaanalyses found that for all resective types of surgery, the long-term seizure freedom was highest in patients with tumoral epilepsy, lowest in studies of patients older than 50 years at the time of surgery, as well as in older studies and in those with and extra-long-term followup of 10 years. Several studies suggest that the age (i.e., the duration of uncontrolled epilepsy; [6, 34, 45] ), the severity (e.g., preoperative seizure frequency; [6, 22, 27] ), and the functional extent of the epileptogenic network (EEG data or existence of focal to bilateral tonic-clonic seizures; cortical malformation; [6, 20, 34] ) have an impact on seizure outcome. It is well accepted that a difficult-to-local-ize or a non-lesional epileptogenic network (e.g., the lack of an epileptogenic lesion on the preoperatively MRI) is a stable negative predictor [6, 20, 22, 23, 27, 34, 35, 45] . Concerning the predictive factors for long-term seizure freedom, several factors have been suggested; unfortunately, in most cases with a followup period of less than 5 years. In Sweden, all epilepsy surgery procedures after 1989 are reported to a central database, so that Edelvik et al. [6] were able to analyze the long-term follow-up seizure outcome (minimum 5 years) after resective surgery in a large cohort of 190 patients with temporal and extra-temporal epilepsies. In their multivariant analysis, they found that: 1. The detection of an epileptogenic lesion on the MRI and a temporal site of the epileptogenic network are good prognostic factors. 2. And more importantly, the duration of the epilepsy, the preoperative seizure frequency, and the existence of cortical malformation or gliosis are negative predictors for seizure outcome.
Retrospectively, the detection of an MRI lesion was not prognostic in our cohort, probably due to the limited sensitivity and experience with technology available at that time instead of the new MRI technology. Concerning the severity of the individual patient's epileptogenic network disturbance, in our cohort we also found that the number of preoperative seizures was a predictor for negative outcome. It is conceivable that the number of AEDs in the patient's previous history are also an expression of the severity-and possibly of the age of-the individual epileptogenic network. To our knowledge, the number of AEDs prior to surgery has yet not been thoroughly investigated in the context of resective epilepsy surgery. There are, however, few studies that suggest that the postoperative AED regimen has an impact on the patients [20, 46] .
Prognostic factors for successful surgery assessed during presurgical work-up
As outlined in . Table 2 , "invasive monitoring" (i.e., peg/foramen ovale electrodes and/or grid) was the only factor to have a negative impact on postsurgical outcome. The site of surgery-mesial vs. lateral or left vs. right-did not have an impact.
In our cohort, the chance of having a successful surgery was reduced almost by half from 76 to 41%, if the multidisciplinary case conference advised invasive monitoring (i.e., peg/foramen ovale electrodes and/or grids). Acknowledging the growing numbers of patients who both are advised to accept invasive monitoring and are reluctant to undergo invasive procedures [2] , this aspect seems increasingly important for patient counseling. However, only a few cohort studies have provided comparative seizure outcome data of patients who were perceived to need invasive monitoring. Pooled data of different epilepsy syndromes and different follow-up periods showed that there was a 72% change of seizure freedom for patients without invasive monitoring and a 59% change with invasive monitoring [41] . Nevertheless, in 866 patients with non-lesional TLE, Mariani et al. did not find any difference in outcome in the univariate analysis whether stereo-EEG was used or not [26] .
Generally, all monocentric resective surgery outcome studies have a centerspecific bias concerning their decisions in the multidisciplinary case conference, especially regarding the choice of diagnostic measurements. Our result probably reflects the conservative approach of the epilepsy center with a general tendency toward noninvasive diagnostic tools, so that only patients with a difficult-to-localize epileptogenic network had invasive monitoring. This view was shared in a large meta-analysis of 782 patients from 36 studies who received repeat resective epilepsy surgery [24] .
The chance of cure after temporal lobe epilepsy surgery
The chance of cure is an important motivation for patients to undergo presurgical evaluation, possibly invasive monitoring, and subsequent resection [18, 29, 36] . Of our 29 patients who remained seizure free for 10 years (group 1, "successful" surgery), 16 (35% of our 46 study and 55% of all patients in group 1) had a curative resection: They remained seizure free even though they did not take AEDs for 3-10 years of continuous follow-up. In view of the strict criteria of "10-year seizure freedom, " our finding (55% cured patients of all postsurgically seizure-free patients) can be viewed in line with those of Schmidt et al. [32] : In their literature review on predominantly TLE patients, AED discontinuation was successful (i.e. no seizure recurrence) in 66% of the patients, who were rendered seizure free by epilepsy surgery before (maximum follow-up of 1-5 years).
Limitations and outlook
Several limitations of the data presented in this study should be considered. Even though only a few patients were lost to follow-up and the continuous follow-up visits on an annual basis yielded a robust data set, the sample size is rather modest. Also, in this study we used only univariate statistics. Most importantly, we did not compare our results with best medical treatment group with AED treatment. Furthermore, the results are from a single center, so that-as discussed-centerspecific decisions might be mirrored in the findings. However, only very few studies have carried out extra-long-term follow-up (i.e., 10 years) and all of them were single-center studies. In most follow-up studies, a considerable loss of patients to follow-up over time dominates the data, so that factors predicting seizure outcome are possibly flawed. The assement of these factors-especially those relating to the time before or during the presurgical work-up-is of particular importance.
Follow-up visits are part of the national quality guidelines for presurgical epilepsy diagnosis and operative epilepsy therapy [30, 31] . In our view, the collection of (extra-)long-term follow-up data enhance the quality management by every tertiary center performing resective (or other invasive or minimally invasive) procedures: Follow-up data over an extended period of time would allow more data to be collected about the proportions of patients who are cured (i.e., seizurefree without AED) after a surgical procedure. After all, cure is the best postsurgical result, followed by complete seizure freedom including auras. It would be beneficial to examine these endpoints on a regular basis, because: 1. From the perspective of the patients it is an important motivation to become not only seizure free but also medication free. 2. The concept of complete removal of the epileptogenic network requires this information.
In our cohort, resection led to complete removal of the epileptic network in nearly half of the patients. In view of these two key results, the authors regret that the postsurgical outcome classification of the ILAE [43] has not reached overall acceptance in the literature, because this outcome classification has-among others-the important advantage of accrediting "complete seizure freedom" its own category (Engel Class IA versus ILAE Class 1).
Conclusion
Our results underline that resective surgery of carefully chosen patients remains the mainstay of therapy and that a thorough follow-up with several periods should be the gold standard for nonreversible surgical procedures. There seem to be distinct subgroups of surgery failures (i.e., groups 2-5) and of surgery "winners" (i.e., "cured" patients). Further analysis is needed to also assess other outcome issues such as neuropsychological, psychiatric, and psychosocial outcome. Larger groups in a preferably controlled design are needed so as to assess factors that predetermine which patients might belong to which of the five aforementioned groups. 
Compliance with ethical guidelines
Conflict of interest F.C. Schmitt and H.-J. Meencke declare that they have no competing interests.
For this article no studies with human participants or animals were performed by any of the authors. All studies performed were in accordance with the ethical standards indicated in each case.
Open Access. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
